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1. What is e-Ship? 

 

e-Ship (electronic Shipment) is a software program for 

calculating radiological characteristics of packages for the 

shipment of radioactive material in accordance with 

ADR/IATA/IAEA/CFR49 transport regulations. The program 

also allows the user to estimate the radiological impact of 

the shipment in the event of a release of the radioactivity into 

the environment. For this purpose data such as the 

inhalation dose, ingestion dose, external radiation dose 

(ambient dose equivalent rate, etc.) are given.  

 

The program has been developed jointly by CERN and 

Nucleonica. 
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2. Why e-Ship ? 

Background information on nuclear transports 
 

• Each year about 10 million packages of radioactive 

materials are transported worldwide by land, sea and air.  

• Radionuclides are used for a variety of purposes e.g. in 

nuclear medicine, materials testing, oil exploration etc.  

• For these purposes radioactive materials must be packaged 

and transported to the location of interest. Before these 

materials can be shipped, care must be taken that the 

shipping regulations have been strictly followed.  

• The purpose of these regulations is: 

• to ensure safety by containing the radioactivity to 

make sure that there is no negative effect on the 

environment 

• to control the radiation emitted from the package 

• make sure that nuclear fission criticality conditions 

cannot be met 

• and to dissipate any heat generated within the 

package. 

• Full details are given in the Nucleonica Wiki page on e-Ship 
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3. Dangerous Goods Classification 

 

• Dangerous Goods Definition: dangerous goods are substances or 

articles that pose a risk to people, property or the environment, due to their 

chemical or physical properties. These products are classified for 

transport. They are usually classified with reference to their immediate 

risk. 

 

1. Explosive substances & Articles 

2. Gases 

3. Flammable Liquids 

4. Other Flammable Substances 

5. Oxidising Substances & Organic Peroxides 

6. Toxic & Infectious Substances 

7. Radioactive Materials 

8. Corrosive Substances 

9. Miscellaneous Substances & Articles Classification warnings diamond 
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UN Recommendations & Model Regulations Guidance 

AIR 

 

 

 

ICAO 

 

SEA 

 

 

 

IMO 

 

ROAD 

 

 

 

ECE 

 

RAIL 

 

 

 

OTIF 

 

INLAND 

WATERWAYS 
 

 

 

 

 

 

 

ECE 

 

International 

Regulatory Bodies 

ADR RID ADN 

IATA IMDG 

Global 

Regulations 

European 

Regulations 
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ADR RID ADN 

IATA IMDG Global 

Regulations 

European 

Regulations 

National Regulations National 

Regulations 

Example in USA: 

Code of Federal Regulations #49 
„Transportation“ 
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Dangerous Goods Regulations 

No place for improvisation 

 

• The IMDG Code (sea regulations) is more stringent 

than the ADR regulations (road). IATA (air) regulations 

are far more stringent. 

• The IAEA regulations state that “persons engaged in 

the transport of radioactive material shall receive 

training in the contents of these regulations 

commensurate with their responsibilities” (concerns: 

design, manufacture, maintenance, classification, 

transport documents, carry or handle, mark, placard, 

load, unload, …). 
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How are products classified ? 

 

• For each classification of dangerous goods, there are different 

tests that are defined by the UN. These tests must be carried 

out to determine which classification the products fall under, and 

what packing group they should be assigned to. 

• This allows the emergency services to determine what product 

is contained within a consignment. The consequences of 

ignoring dangerous goods can be catastrophic, resulting in 

massive damages to property, environment and people… 

 

• Radioactive material shall be assigned to one of the UN 

numbers specified in regulations, depending on: 

• the activity level of the radionuclides contained in a 

package 

• the fissile or non-fissile properties of these radionuclides 

• the type of package to be presented for transport 

• the nature or form of the contents of the package or 

special arrangements 

Hyundai Fortune – petroleum-based 

cleaning fluids placed 

near the engine room 

(failure to declare it) 



EDMS 1286139 

EXEMPTIONS ? 

 

• These regulations do not apply to: 

• Radioactive material that is an integral part of the means of transport; 

• Radioactive material moved within an establishment that is subject to appropriate 

safety regulations in force in the establishment and where the movement does not 

involve public roads or railways; 

• Radioactive material implanted or incorporated into a person or live animal for 

diagnosis or treatment; 

• Radioactive material in or on a person who is to be transported for medical treatment 

because the person has been subject to accidental or deliberate intake of radioactive 

material or to contamination; 

• Radioactive material in consumer products that have received regulatory approval, 

following their sale to the end user; 

• Natural material and ores containing naturally occurring radionuclides, which may 

have been processed, provided the activity concentration of the material does not 

exceed 10 times values specified in regulations {…}. 

• Non-radioactive solid objects with radioactive substances present on any surface in 

quantities not in excess of the levels defined in regulations. 
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THE PROCESS 

CLASSIFY - IDENTIFY 
Example: UN2916, RADIOACTIVE MATERIAL, 

TYPE B(U) PACKAGE 

PACKAGE (approved or ensuring compliance) 

RADIATION, CONTAMINATION 

MARKING, LABELING and 

PLACARDING packages 
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CLASSIFICATION OF MATERIAL 

 

• Low specific activity (LSA) material: radioactive material which by its nature has a limited 

specific activity, or radioactive material for which limits of estimated average specific activity 

apply. 

• Surface Contaminated Objects (SCO): a solid object which is not itself radioactive but which 

has radioactive material distributed on its surfaces. 

• Special form radioactive material shall mean either an indispersible solid radioactive material 

or a sealed capsule containing radioactive material. Should resists to impact, percussion, 

bending, heat and water test. 

• Low dispersible radioactive material: either a solid radioactive material or a solid radioactive 

material in a sealed capsule, that has limited dispersibility and is not in powder form. 

• Fissile material: shall mean uranium-233, uranium-235, plutonium-239 and plutonium-241. 

Some exceptions exist 

• Uranium hexafluoride 

• Other form: everything which is not listed above… 
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Package: The packaging with its radioactive 

contents as presented for transport 

Packaging: the assembly of components 

necessary to enclose the radioactive contents 

completely 

Routine conditions 

(incident free) 

Normal conditions 

(minor mishaps) 

Accident conditions 

of transport 

Excepted Packages 

Industrial Packages IP-1 

Industrial Packages IP-3 

Type A Packages 

Type B Packages 

Type C Packages (air) 

A graded approach is applied in specifying the performance standards in these Regulations, which 

are characterized in terms of three general severity levels: 

(*) IP-2 packages are in-between Routine and Normal conditions 

(some tests satisfy the normal conditions but not all criteria are met). 

EXCEPTED OR EXEMPTED ? 

EXEMPTED:  when the regulation does not apply 

(for example: activity / contamination below a certain limit) 

EXCEPTED: when part of the regulation applies (lighten) 

(for example: empty package having contained radioactive material, low activity, …) 
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Packaging depends of 

• the nature and activity of the material 

Excepted packages 

Consignee 

xxxxxxx 

UN 2910 

Industrial packages 

(for LSA / SCO) 

Type A  packages 

Type B packages 

Type C packages 

(air) 
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PACKAGE DETERMINATION 
 

In summary, to classify a package, 

compare the activity of the content 

to the limit: 

• A1 for special form content 

• A2 for all other form 

• Activity concentration for bulk material [Bq/g] 

• Activity limit [Bq] 

Activity < Activity concentration or < Activity Limit  EXEMPTED [Table 2] 

Act. Conc./Limit < Activity < Table 4  EXCEPTED 

Table 4 < Activity < Table 2 (A1 or A2)  Type A 

Table 2 < Activity  Type B or Type C 

(activity within the limit of the certificate) 

LSA / SCO  currently not supported by e-SHIP 

 

Special values apply when A1/A2 are not defined 
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A1 / A2 – Why such values ? 

Where do they come from ? 

 

 

Under the “Q system” a series of exposure routes is considered, each 

of which might lead to radiation exposure to persons in the vicinity of a 

Type A package involved in a severe transport accident : 

• Qa external photon dose 

• Qb external beta dose 

• Qc inhalation dose 

• Qd skin and ingestion dose 

• Qe submersion dose 

• Effective or committed dose to a person in the vicinity < 50 mSv 

• < 0.5 Sv for individual organs or 0.15 Sv to the lens of the eye 

• Assumed a person will remain at 1m from a damaged package for 

< 30 minutes 



EDMS 1286139 

What is e-Ship? [bis repetita]…. 

 

 

e-Ship (electronic Shipment) is a software program for 

calculating radiological characteristics of packages and to 

help you choose the proper classification. 

 

But remember that other characteristics might play a role. 

Dose rate in contact of the package is one example amongst 

others: the total dose rate at surface of an excepted package 

should be < 5 μSv/h… 
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4. e-Ship user interface: My Packages 

Main 

tabs 

Help 

My 

packages 

Package details 
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4. e-Ship user interface:  

 

Edit 

Package name 

Package description 

Activity reported 

Nuclide activities 

Package description 

Activity limits 

for transport 

Transport report 
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4. e-Ship user interface: Report 
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4. e-Ship user interface: Options 

Four main categories of Options: 

 

• General (Half-lives, decay modes, etc.) 

 

• ICRP (dose coefficients, etc.) 

 

• Swiss RPO (h(0.07), h(10) etc.) 

 

• IAEA Transport (A1 , A2, etc.) 
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4. e-Ship user interface: Import 

 

In the example shown, 

the nuclide name 

together with the 

nuclide activity is 

shown with a comma , 

as delimeter. Currently 

only the activity can be 

accepted as input. 

 

CERN .txt files: It is 

also possible to upload 

dedicated format 

CERN gamma 

spectrum files 

Before a user can upload his/her own nuclide datasets, some rules have to be observed for the data format in these files. 

The following delimiters are allowed: Comma , Semicolon ; Colon : Pipe | Octothorpe # TAB 

The files can be created for example in a spreadsheet, but must be saved as csv files.  
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4. e-Ship user interface: Activity limits (IAEA) 

The Activity limits tab contains the A1 and 

A2 values together with the activity concentration 

for exempt material (Bq/g) and the activity limit for 

an exempt consignment (Bq). In addition a brief 

description and notes are given. 

 

Care must be exercised when using nuclides in 

packages which are not in the IAEA Activity 

limits table. When a nuclide has been added to 

the package, it should be checked in the 

Activity limit tab to see if there is an entry. If 

there is no entry, this means that it is an 

unknown nuclide. In this case, the user must 

look up the datasheets for the appropriate 

nuclear data . 
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4. e-Ship user interface: Sample Packages 

The Sample 

packages tab 

contains a list of 

pre-defined 

sample packages.  

 

By transferring 

these packages to 

the user’s own 

“My Packages”, 

sample packages 

are immediately 

available for 

testing. 
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5. e-Ship user interface: My 1st packages ! 

In this first example, a package consisting 1 kBq of Cobalt-60 is 

created. The activity was reported on 1st Aug. 2012. Default 

package characteristics are assumed (material, solid, other form). 

In the nuclide table only the IAEA Transport values are shown for 

clarity. A host material mass of 150 g was set. The transport 

report can be generated by clicking on the Report button at the 

bottom of the page. The Report is shown in the following figure. 
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Thank You! 

Thanks to Nathanaël Padioleau & Abderrahim Errahhaoui for the productive discussions, 

and to Stéphanie Krattinger for logistic aspect 


